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Nnclecir Ptrixcti^re and Hpore formcition 
in ^UcrosphaerH Alii, 

The literature on the development of the ascus and its 
cytolop;y has been recently and fully reviewed (4,13). 
and I shall onlj'- refer to such very recent papers as touch 
upon the points with which I >iave been specially concerned. 

Paull (5) -describes for Hydnobolites, Keotiella, Sor- 
daria and some other •species , fa method of spore formation 
which he considers essentially different from that described 
by Harper (9,11). 

He finds the primary nU^eus always surrounded by the 
so-called metachromatic bodies, which Paull believes are 
normal cell products since they disappear in later stages • 
It Is to be notf.d however that this disappp.a ranee may merely 
indicate that fixation is more perfect at these later 
stages, and I have so interpreted the appearance of similar 
bodies at certain stages in Microsphaera. 

In Sordaria certain of the resting nuclei show centers, 
but in the other species centers with asters appear only 
at the time of division, disappearing in resting stares-. 
Paull believes that the spindles are strictly intra n^iolear 
in origin as the poles are centers from which the long 
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astral rays extend, Each successive mitosis shows greater 
lengthening of the central spindle, till the nuclei re- 
sulting from the third division are "brought very near the 
ascus v/all. In the last division Faull finds the same 
persistence and subsequent "bending of the astral rays t»s has 
often been described for spore formation, but attaches no 
importance to the rays or their activity as far as spore 
formation is concerned* 

The first indication of spore formation according to 
Paull^ is the appearance of ,a specialized layer of cytoplasm 
beginning just aroimd the center and developing progress- 
ively outward' and around the nucleus until it encloses the 
cytoplasm of the future spore. He compares this limiting 
layer to the hyaline zones formed in the cleavage stages 
of the proto spores of Pilebolus (12). 

It thins out from the center, stains differently from 
the cytoplasm. but Is never clearly dr finable -" a hyaline 
zone, structureless or very finely granular. •• Two plasma 
membraJies develop simultaneously on the site of the limiting 
layer, one about the spore-plasm, the other lining the cav- 
ity in which the spore lies. This produces no visible 
change in the limiting layer, although he thinks it probable 
that the plasma membrames result from a cleavage of the 

zone. 
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The nucleus '•grows down Into the center of the spore^ 
formlnp a heak. Just what Paull means herp by "growth" is 
very uncertain, especially as there Is no mention of an in- 
crease in the size of the nucleus* Harper ( 11 ) has 
sugpjested several possible methods of beak formation, and 
serms to r'^gard the activity of the astral rays, in bending 
down and exerting a pressure on the nuclexis, as the most 
plausible. 

V/hen the exospore is formed^ the nucleus resximes its 
spherical shape by withdrawing its beak and with it the 
center and aster, and in this Paull sees conclusive evi* 
dence that the rays take no part in the formation of the 
spore mf^mbrane* 

Faull's fixtures of the beaked nucleus with its center 
and aster all within the spore membrane are very much like 
the polar or part polar views of spore formation which I 
have seen in Microsphacra yrhere spore delimitation is cer- 
tainly accomplished by means of the astral rays* I shall 
discuss the significance of such polar views further on* 
Paull hovever regards these figures as proof that the 
spores are not delimited by the fusion of klnoplasmlc 
fibers, and leaves the question without accounting in any 
way for the persistence and bending of the rays during the 
process of spore foxTnation. 
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Maire's latest paper (19) desoribes the nuclear 
division: in a number of asci, the mitoses in all of which 
vary only in minor details from those in Galactinia succqsa* 
In this fungus^ according to Maire( 15,19) .the asci arise 
from a filament of tinucleated cells which itself arises 
from a large multinucleated hypha. The hypha with hi- 
nucleated cells may also branch and thus produce quite a 
series of asci, 

Tiie nuclei of the binucleated cells show conjugate 
division as in the rusts^ (2,3), cross walls are put in. 
and thus rows of "synkaryons** are formed* The end cell of 
each row becomes an ascus in which the two nuclei fuse. 
In the absence of observations Ke?^>r<iing the oriv^^in of 
the entire ascocarp, it is as yet premc-ture to draw con- 
clusions as regards the significance of the fusion in the 
ascus in this case J however one cannot avoid a suspicion 
that possibly anther idial and oogonial nuclei are formed 
but do not fuse in the oogonium, remaining separate and 
passing by conju^^ate division, though the ascogenous cells 
until they reach the ascus where the fusion occurs. The 
process In this case would then at least be conspicuously 
similar to t}iat in the rusts as described by Blackman (2) 
and Chr is tman ( 3 ) . 

The two nuclei v/hich fuse in the ascus, according to 
Jfelre, bring in two spiremj^^ which join Iq^itudinally and 
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later fuse, the resulting chromatin thread having' twice the 
thickness of either spin^znl. This is followed hy synapsis 
in which the chromatin is massed in a hall at one side of 
the nucleus • Later the chromatin "becomes finely divided and 
iDecoraes ap;p;re.<;ated in four masses which he calls pro- 
tochromosomes. These are transformed into four longitud- 
inally split chromosomes. A center now appears on the in- 
terior of the nucleus but against its membrane, at the 
summit' of an intranuclear aster. The center divides^ the 
two halves moj/e in opposite directions^ and a spindle is 
formed between them on which the chromosomes are arranged. 
Radiations are meanwhile formed in the cytoplasm about the 
elongating nucleus as a center, which become more prominent 
at" Its two ends, B*nd finally form the polar asters of the 
complete spindle* Tue asters and spindle are thus of 
different and independent origin. The halves of the split 
chromosomes on the equatorial plate separate, four passing 
to each pole of the spindle. These divide longitudinally 
again during the metaphase so that eight distinct rods are 
found at each pole in the diaster stage. Synapsis, and the 
double longitudinal division of the chromosomes, according 
to }?alre, characterise this as a heterotypic division. 

The second division, which he regards as homoeotypic, 
begins with a spiremlf which breaks up into eight proto- 
chromosomesj these again form four double chromosomes 
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which separate in' ?/ie metaphase and four chromosomes are 
found at e&ch of the opposite poles. In the third, or 
t;/pic division, four chromosomes are formed directly from 
the spiremjlL v/ithout the intervention of protochromosomeS| 
except in Pustular ia vesiculosa, In \/hich ^aire finds a 
transition V^etween the typic and .homoeotypic mitosis. The 
intranuclear acromatlc fip^ure end the extranuclear asters 
are formed in the same manner for all three divisions • 
7'aire agrees^ thus 'with the view many times expressed, that 
the ascus is a spore mother- cell comparable to th i> t of -^- 
tii^ moss or fern. 

"^he eight nuclei become beetked.^bnd ?'Hire holds tiiat 
spore formation is efrected in the mb.nner described by 
Harper. 

^uillibnnond (7,8) has also investigated Pustularia 
vesiculosa and Galact^nia succosa, studied by y^ire^ as 
well as VtzizsL Catnius, '^^'zi:/- rutilans and Aleuria cerea, 
and f corroborates many of !!a ire's observations ^differing 
from him, however .particularly as to the m;mbf.r of chro- 
mosomes^ fc»nd the met?iod of their separation in the meta- 
phases. 

lie accepts "^'aire's designation of the three divisions 
in the ascxis as heterotypic, homoeotypic and typic. The 
first division is alv;ays preceded by synapsis and further 
characterized by a double longitudinal splitting of the 
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chromosomes, distinguishing features of the heterotypic 
division. According to Guilliermond the ha If- chromosomes 
resulting from the second longitudinal splitting do not 
separate completely in the metapJiase, bs described "by 
VjSLire^ "but reach the poles as ^ra or Tns as in the Phanero- 
gams ( 1 ) . 

^./"Guilliemond (8) frequently alludes to the difficulty 
of deternining exactly how the chromosomes divide and the 
halves separate, and when one considers their minute size it 
is not surprising that the two investigators disagree as to 
the details of the processes, or tlriat the figures are not 
at all convincing* 'lowever, Tiaire's previously stated ^^^-V^^ ^ 
^^thesis that the Asc'dmyce'ces have "but four chromosomes (16)^ 
and his later attempts to prove the doctrine, may accoimt 
for his method of the separation of the lialf- chromosomes in 
the metaphases, as well as ^ the protochroraoses .in the pro- 
phases of the first and second division^ v 

Peziza Catnius and Peziza rutilans have sixteen chro- 
mosomes, C-alactinia has four, "but in Pustularia vesiculosa 
Guilliermond still hold's that eight chromosomes are present^ -^ 
against T'aire^s view that there are four. 

As regards the origin of the center, Guilliermond agrees 
with !:alre (14,19, 8). The first indication of the forma- 
tion of the karyokinetic figure^ is the appearance of a 
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center just within the nuclear membrane, with abundant 
fibers extending in toward the chromosomes. ooth the figure 
and the description of tliis stage suggest that he may have 
had before him only one -half of a spindle which was really 
in the equatorial plate sta^^e and /hose other pole should 
appear in the next section. The center divides and the 
spindle is formed in the usual way. "^he polar asters are 
faint and at times cannot be seen except in the third 
division^ where tliey t^re always strongly developed, and later 
are active in tlie formation of the spores. 

ria^rper has recf.\tly extended his studies on the mildews 
to Phyllactinia (13) and finds there that the development 
of the ascogonium from a fertilized egg, t}ie budding out 
of the ascogenous hyphae, t»nd the origin of the asci are 
essentially tlie same as in -^^rysj^^lie and Sphaerothe^ (11,10). 

In Phyllactinia J the nuclei in every stage throughout 
the life history of the fundus show central bodies, ajid 
furthermore the chromatin is alv/ays oriented on the 
center .f;^ 

The center is described as a disc-shaped body lying on 
the periphery of the nucleus, or in a slight depression of 
the nuclear membrane, '^he chromatin is alv/ays attached to 
the center, but its exact arranf^ement cannot be made out in 
the vegetative hyphae and young ascof^one as clearly as in 
the larger nuclei of the ascogenous hyphae ^nd asci, v/here 
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the niimber of strands v-hich radiate from the ce ter into 
the nuclear cavity can be counted. 

In the fusing nuclei of the ascus^ the centers fuse 
into one, and the eight chromatin strands of each nucleus 
combine In such a way as to form exactly eight strands in 
the fusion nucleus. 

""he nuclear fusion is followed Immediately by synapsis 
in which the chromatin is drawn up in a mass against the 
central body. Tlie chromatin emerges from the synaptic 
condition in the form of a spirem^Jt y;lth eight distinct 
str&nds attached to the central body. Kach strand of the 
spirem^ forms one of the eight chromosomes^ which are still 
connected with the center by means of the lintn threads. 

The central body divides and the two daughter centers 
in migrating apart to form the spindle poles separate the 
fibers wliich connect the ^hromosomes with the center^ so 
that each chromosome Is ^attached to both centers. This 
continuous connection Xie.twewi the central body -w%d^ the 
chromatin strands, and later with the chromosomes them- 
selves, is further used as evidence that the chromosomes 
are permanent stn^ictures of the nucleus. 

Here for the first time the fact that there is a 
permanent connection between the center and chromosomes/ 
has benrr established. The nucleus is thus shown to be a 
polarized structure throughout the life history of the 
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fungiis, unipolar In the resting condition and "becoming 
bipolar in division. 

The process of spore formation in Phyllactinia is the 
same as in Erysiphe, and as is so frequently found in the 
mildews, only two nuclei are enclosed in spores^ the remain- 
Ing six d'^ generating. 
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The mildews offer jm» especially favorable material for 
the study of nuclear fusions, nuclear divisions and the 
very peculiar process of free cell formation which cliarac- 
t'^^rizes the ascus, e»nd the following study was undertaken 
for the lurpose of extending our knowledge of the group by 
an account of the development of the ascus and spore forma- 
tion in the f:enus Microspliaera. I have not undertaken to 
work over the earlif^r stages in the formation of the 
peritheciT^, but have directed my attention mainly to the 
question of the persistence of the centers during the pro- 
cesses of nuclear fusion and nuclear division, and to the 
process of spore formation in the ascus* I have however-, 
observed incidentally certain sta^^es in the developmr.nt of 
the peritheciiim bearing on the account given by .'^eger of the 
structure of the mature ascocarp and its ecological adapta- 
tions, and shall describe these Observations in connection 
with my account of the structure of the nuclei in the 
ascogonitun and ascogenous hyphae from which are formed the 
nuclei ^ /p taioh subsequently fuse in the young asci. 

As is everywhere commonly observed in this country^ 
Kicrosphaera Alni V^.Cjf grows in great abundance on Syringa 
vulgaris - the common lilac^ - covering the leaves v;ith a 
white cobwebby mycelium dotted with the dark specklike 
fruit bodies, and furnishes an abundance of material- in all 
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stages of development for cytological study. The fungus 
shows a radial growth^ so that infected spots m&y have nearly 
all stages^ from mature perithecia in the center to the 
yoimgest fruits on the periphery. 

Fmall squares of leaf covered v;ith the myceliuia and 

p^.rithecia wrre fixed in 71ernralng*s stronger solution of 

c 
chrom^psmivw-acetic acid, Flemming^s 'veaker solution, and 

Plemriing^s v;eaker solution diluted one-lialf v/ith v;ater# 

Flemming's weak' gave j'^.he best result^in genera]), although 

the younger stages fix v/ell in the diluted solution. 

The material v;as collec 
1904 and 1905. flections wer 
stained with ^ler.'-^ing^s trip 

I Bhall dr:scrihp. the st 
the ascocarp frora the time wlien the ascogonium is completely 
enveloped oy the perithecial hyphae, leaving tiie earlier 
stages for description Ibter. 

The young ascogonibJii appears as a relatively large 
single cell, somewhat elongated and curved, surrounded hy 
the first hyphal envelop. This stage in which two nuclei 
are present is of freqvtent occurrence . The nuclei lie in 
the long axis of t>ie asco^one and invariably s/iow distinct 
centers and a single nucleole. 

v/it:i the triple stain the cent*-rs are usually violet 
or dbrk red, ^nd are easily distinguished from the dark 
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"blue chromatin or from the "blue cx^y mern^irane of the nucleus. 
The nucleole is always a "bright red, the nuclear sap is 
clear ?nd unstained, vrtiile the cytoplasm vari^ • from gray 
to a faint orange color^ 

"^he cliroT^atln at this stage often forms a spindle- 
shaped mass "betv/een the central body and the red nucleole. 
Chromatic strands cannot "be made out, "but the chromatin 
appears rather evenly c^anular^ though plainly connected 
v;ith the central "body/ ' - 

The ascof^'one grows "both in diameter and length, its 
nuclei divide and later cell division occurs^ so that a 
multicellular organ is formed of four or five cells. During 
the growth of the ascogone the envelop "becomes more complex, 
one or two layers of cells €h^ formed a'bout the first^ The 
ascogone^helng li^mmed in on all sides by its envelop, curves 
and turns a"bout as it grows^ appare^.tly expanding in whatever 
direction it finds least resistance, so that a much "bent 
structure results. "Prom just what cell or cells the 
ascogenous hyphae arise, I have not been able to determine. 
It apprars that many ascogrnous hypYiBe "bud out at about the 
same time. These develop into multinucleated branches of 
the asco^'one. The nuclei a^=^ however soon separated by 
cell 7/alls, except in certain cases in vrtiich two nuclei are 
included in a single cell. These blnucleated cells will 
later become the ascl. 
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Before the young asci are formed^ the perithecltim 
Vrins to show some differentiation in its hyphal layers. 
There is an out^r layer of wide-lum^ned cells wVit^h already 
show^some thickening in their walls, on the upper 6lde 
of the perlthecium. ^"ithin are two or three layers of 
thin-walled cells, smaller and irore densely filled with 
protoplasm. The inmost layer of these is Copecially active; 
it grows and ijcndo or&nches in toward the center of the 
fruit "body ^crowding; a.rainst the ascocenous hyphae, inter- 
twining among them £»nd hecomJnp: divided to form the so-ce^lled 
••nurse cells'*. The nurse c^lls are e»#, or multinucleated and 
are thus seen to have been formed from centripetal tranches 
v/hich are at first multinucleated but are later cut up into 
smaller cells. This ingrowth of the perithecial cells is 
practically the Sc^me as described by Harper for " Rryslp he 
communis (11). Certain binucleated cells of the uscogenous 
hyphae are meamvhile developing into asci. with their 
growth. the nurse cells are crowded back and flattened be- 
tween the asci and the perlt>iecial wall. Tangential sections 
of half-grown perithecia show these thin-walled cells ^z 
polygonal plates with two or more nuclei. 

The young asci v/hen first recognizable are little larger 
than the other cells of the ascogenous h:/phae. They present 
very irregular forms, probably due to the crowded condition 

within the perithecli^jn at this time, but soon round out their 
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angles growing at the expense of the surrounding cells \vhich 
they push hack,'; 

The two nuclei in thF young asci, although lying very 
close together, at first show no tendency to fuse. They 
have well defined centers to which the chroinatin is attached, 
the strands extending hack into the nuclear cavity in a 
typical cone (fig Jf). The nucleole often lies nr&r the 
nuclear memhrane opposite the center* This antipodal rela- 
tion of center and nucleole is very common . throughout the 
nuclei of T'^icrosphaera* 

The ascus grows rapidly, <4hmI at first »a#»€^ in ^he region 
farthest from the nuclei, so that these come to lie in the 
smaller '^nd of the cell. The nuclei also increase in size^ 
but not in proportion to the ascus. ^/hen the ascus has 
reached ahout one- third its mature size^ the nuclei come in 
contact preparatory for fusion. They are sometimes elongated^ 
and WW may lie^ a little above the other, or in any other 
position. Finally the walls between break down^and fusion 
occurs. A late stage in the fusion of the nuclei is shown 
in fig. ^^^ The two centers with their/respective chromatin 
systems are still separate. (The one on the left is cut 
through). The nucleoli have already fused into one large 
nucleolus. The ascus at this stage is about half- grown. It 
is well rounded out except where it presses against an ad- 
joining ascus. The fusion nucleus is about the size of the 
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average primary nucleus* 

The most frequent and conspicuous stage found in Mi- 

crosphaera is that of the primary nucleus* It persists from 

the relatively early fusion in the young ascus^ until the 

ascus has reached its full development* It grows very little 

after fusion is complete, f'here is an abundance of chromatin 

which readily stains a dense "blue. This is at first arranged 

in irregular strands which occasionally appear double, and 

always cross and interwet^ve in a tangled net. A large 

nucleolus is always present, most frequently slightly 

flattened against the nuclear membrane* The center is most 

difficult of demonstration, partly because the chrQmB%in 

stains so heavily ^nd is so abundant as to hide the center* 

"orebver, metachromatic bodies are particularly abundant 

at this stage, especially in cases of poor fixation. These 

bodies occur just outside the nucleus, often at a point 

where two or more chromatin strands touch the nuclear mem- 

i 
brane, and may obscure the central body* 

\t a later stage, the chromatin appears much reduced^ *..^ a,- 

and lies massed in a ball against one side of the nuclear 

membrane* "^rom this apparently s^maptic mass thin chromatin 

strands again extend into the nuclear cavity* "finally there 

appears a well developed spirem^ oriented on the c*;itral 

l}0dy> (fig*?)/ In the uninucleated stage, it is only where 

the chromatin is pretty v:ell gashed out that the center 
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appears as such. It is then a very dark^ disc- shaped "body 

pressed close against the nuclear membrane* 

has 
The perithecium nov; grown to its full size, b.nd has as 

many cell layers as when fully ripe. The outer layer of 
cells begins to show a niffermtlation into an ixpper and ' ' 
under region, v/hich is due to a thickening of the walls on 
the upper surface while the cells on the under side remain 
thin- walled and contain normal protoplasm and nuclei* The 
cell lumen is diminished by the thickening of the walls and 
is almost empty of protoplasm, while even at this stage^ the 
walls contain a brown pigment and are hard and brittle. 
ITeger (21) first pointf^d out this differentiation, and des- 
cribed the thin flexible v/alls of the lower cells as caving 
in when the perithecium is dried out, and bulging out as the 
cells absotb moisture and become turgid. This alternate 
drying and swelling of the cells would loosen the perithe- 
cium from its mycelium.\ 

A secondary mycelium, such as is fovmd in Phyllactinia 
( 13 ) , sprin03,blso from these lower living cells, and inter- 
twines with the original mycelium covering the leaf. 

The transition cells In the equatorial region, midway 
between the upper and undf^r hal# of the outer layer of the 
perlthecial wall, give rise to the appendages by the exten- 
sion of their cell walls/, '^hese grov/ out in a circle about 

the middle of the peritheciiam and are directed upward from 
the leaf surface. 
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The primary nucleus undergoes three successive 
divisions^ giving rise to two, four, and finally eight nuclei, 
all of ?;hich form spores. 

I find in an early prophase of the first division two 
cf^nters about 45 dogyooo apart, each with a large aster of 
long fine rays, and a broad brush of fibers extending into 
the nucleus/ (fig.;^)/ The two centers with their asters 
probably originate here as elsewhere from the division of 
the single central body of the resting nucleus, and;,a single 
aster developed earlier in the prophase. The two sets of 
fibers meet below the center of the nucleus, where they 
cross and interlace*, some of the fibers appear to be con- 
tinuous from one center to the other. At the nuclear mem- 
brane^, where the broad centers are attached to the intra- 
nuclear bundles of fibers, there is a conspicuous non- 
staining region. Some of the peripheral fibers can be 

traced to the diBcbut^iw^ bulk fade abruptly just before 

ij 
reaching the central body, leaving an apparent space^ {tig.Jt)^ 

The so-called "achromatic" fibers at this stage stain quite 

as densiy as the chromatic parts of the nucleus, so that the 

chromosomes cannot be clearly distinguished. I have not 

found the later stages of ^.his division. 
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The "binucleated sta/re of the ascus4,following the first 
diirision^ is easily distin.Tulshed from the binucleated con- 
dition "before fusion, "both by the mature size of the ascuS| 
and by the older appearance of the whole perlthecixim. The 
two outer cell layers on the upper- side of the peri thee ium 
have thick brovm //alls, and the appendages have nearly 
reached their final length. 

A resting nucleus ^ this stase has a prominent center 

' .' .^ <. * 

to which the chromatin is plainly attached; *♦ is always 
readily seen as a little cap just outside^ and closely 
pressed against, the nuclear membrane* - (f igt — f 

One of the most common division figures in my material 
is the equatorial plate stage of the second division. The 
spindle usually lies transversely in the ascus, with eight 
chromosomes arranged on the equatorial plate. The asters 
are inconspicuous, with fine delicate rays that fade into 
the cytoplasm. Between the centers and the spindle poles, 
light areas are found as in the first division. The foixr 
nuclei .resulting from Vnis division ^-^e^-not different -from 
tHrtrppernSfdlng except tliat they are somewhat smaller, (fig.^/^ 

The third division is ushered in by a division of the 
center. !'ost frequently the centers are far apart— 50® or 
60«*svhen the asters and spindle fibers are v/ell developed. 
The asters are particularly striking^ their rays are like 
short stiff bristles, and densely stained. There is the 
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sane colorless space t, /reen the center and the darkly 
stained spindle f litres, as in the two preceding divisions. 
This whole staf^e of spindle formation hears a very close 
resemhlance to the same stage in ?Yysiphe,y (6)^ 

There are eight chromosomes on the equatorial plate 
and many more in the metap>)ases. "^he astral rays grow longer 
and "become much finer, and.c»s the spindle often lies close 
to the ascus wall, they may be seen hending away from the 
wall tov;ard the intf:rior of the ascus. \ small light zone 
still appears at each pole of the completed spindle. 

The process of spore formation in Hicrosphaera /ini 
is entirely like that described by Hf^rper in detail for 
?rysiphe communis (ll)^ond more recently for Phyllactlnta 
suffulta^ (13). and corroborated by various authors (8,19 ) 



for many other Ascomycetes. 
(^aM/"*— The eight nuclei formed by the third division^ retain 



^ 



^their asters*, whieh .continue to groviT ^ nte- long^fine threads 
-ifead- become more numerous. ^-Yom the beginning the asters are 
turned toward the periphery of the ascus^ (£^6*1^). "^ith the 
growth of the asters the nuclei become beaked. The center is 
situated at the summit of the beak bnd from it chromatin 
strands run back into the nuclear cavity. .During the process 
of beak formation the nucleus ^vlth its aster shifts its 
position, so that it lies a little farther in from the ascus 
wall^ (flgJ5), At this time the rays next the nucleus begin 



Digitized by 



Google 






Digitized by 



Google 



21 



to curve back about it J more bend over in the same way; 
until a cone* shaped opening is formed in the midst of the 
aster. This folding back continues until the majority of 
the fibers lie in one plane, which forms a hemispherical 
covering over the beaked nucleus. Some of the fibers bend 
Airther, pass below this surface and are finally enclosed 
within the spore ^^ (fig^^q Bwi 3:1)^ 

As yet there is no differentiation of protoplasm with- 
in the ascus^ the fibers continue to grov; in length, cutting 
through a riomof^eneous cytoplasm. That the lateral fusion of 
the rays begird Jearly, as is shovTn by the plasmolysis of the 
upper end of the spore in shrunken material, has been pointed 
out by Karper (13). This shrinkage of the upper end of the 
spore often occurs long before the spore pX^sm is delimited 
and theY^e is no sign of a hyaline zone or^fc»ny other differ- 
entiation in the cytoplasm^ to indicate the position of the 
future spore membrane. The cytoplasm facing the cleft made 
by the shrinkage is ragged and ;vithout a definite boundary, 
while the end of the spore is smoothly rounded off and has 
a continuoTis outline. 

The fusion of the rays progresses slov/ly toward the 
interior of the ascus, following the longer fibers which 
have grovm past the nucleus and are now converging toward a 
point opposite the central body and some distance below the 
nucleus. These advance fibers mark the path of the plasma 
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mein"brane, passing into its jsomposition as the fusion pro- 
gresses. These staf^es look like ]^faiull»s figures of the 
hyaline zone, "but the fibers always stain "blue ^nd do not 
increase in thiclcness^ 

y, The cleft formed by the shrinkage either of the spore 
or surrounding epiplasra narrows from the center outward 
along the plasma membrane which covers the upper part of the 
spore plasm, ^'lien tlie epiplasra is shrunken^ it is thickened 
at its inner edge simulating a membrane, so that at first 
glance it suggests^ two plasma membranes developing from the 
center outward, ^^as Paull describes. Closer scrutiny, how- 
ever^ proves the absence of a membrane on the surface of the 

epiplasm facing the opening. This cleft may, of coiirse,) 

' . . • 

almost surround the spore or ^pnly cap it^ according to the 

stage of development of the plasma membrane of the spore* 

The kinoplasmic fibers finally meet at a point below 

the nucleus, having cut througli the cytoplasm so as -to ex« 

actly enclose an ellipsoidal mass of protoplasm, in the 

upper end of which lies the nucleus still attached by its 

' 3 . , y 
center to the new plasma membrane^ (figS^ » t*ft d 10 )^ The 

beak has been greatly elongated. but is still traversed by 

chromatin strands connected to the centrosome. Sometimes 

the nucleus is svmng to ovl^ side and lies against the plasma 

membrane of tlie spore^ (fig.lt|.)^ 
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After the fVoers have completely fused so that the 
spore plasm is actually o^parated from the epiplasm, the 
center "breaks away from the plasma membrane^ and the beak of 
the nucleus is slowly drawn in. There remain traces of the 

rays* either as ridpes on the plasma membrane^ or .enclosed 

^ A 

fibers which did not take part in the fusion, but these soon 

/f 
disappeary (fig.i*)- . 

// ' ' 

fn resigning its normal sphf^rical sliape the nucleus 

moves down into the center of the spore mass and lies there 

in^resting condition, the chromatin in an irregular reticulum 

/i 
always oriented on the large center^ (fig.it )/ 

Between the spore membrane and the surrounding proto- 
plasm, a space appears in v/hich the spore wall is finally 
deposited. The epiplasm is often thickened along this 
space but still has no limiting membrane. The spore wall 
is at first a faint blue line. but when completed it is a thick 
dense coat and the epiplasm is no longer drawn back 
from it if (fig.i*-). 

7'ith the ripening of the spores the perithecium reaches 
its maturity. The dark. thick walls of the cells on the 
upper surface have become so hard and brittle that they in- 
variably break in sectioning, while the cells on the under 
side retain their thin walls and appear in normal living 
condition. Mow much this differentiation is due to the dry- 
ing out of the upper exposed surface of the fruit body. 
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while the lower cells are protected from too great loss of 
moisture, could only "be estimated oy comparison with other 
mildews 1 however Erysiphe and P hyllacti nia give no evidence 
on this point. and >Teger*s view (21,22) as to the functional 
difference may be accepted for the present. The appendages 
grow to great length and '-^ranch profusely at their extremi- 
ties, "^hey contain protoplasm and a large elongated nucleus 
which lies just "below the dichotomously branched end. The 
v/alls^ though thin and transparent. are very brittle. 
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General Conclusions. ]0 ^^ 

^^ J 

All the stages in the life history of TTicrosphaera 
-studied thus far show that the central body is a permanent 
structure of the nucleus, and that it is present not only as 
a definitely differentiated body, "but also as a point of 
attachment for the chromatin. 

The central body is nowhere more easily demonstrated 
than in the nuclei of the vegetative mycelium; it is con- 
spicuous in the ascopone. and ascogenous hyphae. and, with 
the exception of the primary nucleus v;here it is sometimes 
obscured by the abundant chroma.tin content /'is a prominent 
feature of the nuclei of the ascus, both in the resting 
condition and in division, ^in&lly it is present during 
spore formation e^nd in the r^istinK spores. 

The chromatin is in every case plainly connected with 
the central body, either by direct contact or attached by 
means of kinoplasmic fibers. In the larger nuclei the central 
body lies at the apex of e* cone of chromatin strands, v/hile 
in the smaller nuclei. although the chromatin is plainly 
attached to the center, the strands cannot be made out and 
it appears rather evenly granular. 

The centf^r is always an extranuclear body, and my ob- 
servations differ radically from those of raire and 
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Gullliermond on this point. In polar and oblique views it 
may^to be sure appear.^to be .vlthin the nuclear membrane, 
and I am inclined to suspect tliat, hs some of their figures 
seem to sug^^est, the intranuclear centers described by 
■^Taire and rruilliermond may be accounted for in this way, or 
the centers may have been actually drawn into the interior 
of the nucleus as a result of poor fixation. Their des- 
criptions of spindle formation^by the division and migration 
of the centers j^ and the differentiation of spindle fibers, 
agree with the process observed in :"i crosphaera , and it is 
to be noted that v;hen the spindle is complete the centers at 
the poles are described by them as on or very near the 
nuclear membrane. Ilov^ever, Xaire*s description of the for- 
mation of the polar aster from cytoplasmic fibers which 
radiate from the nucleus is entirely different from anything 
I have found in yicrosphaera, where the asters consist of 
kinoplasrr^ic rays formed about the central body just before 
division occurs. 

The synaptic mass, described by these authors, has no 
such definite position in the nucleus as in I'^icrosphaera. 
The presence of the central body,v/hich is in continuous 
connection with the chromatin, locates a polar region where 
the chroma-tin must aggregate when contracted. 

!laire*s further attempt to bring the divisions of the 
nuclei of the ascus into harmony with the latest views 
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regarding reduction divl'^-ion in the higher plants has led 
to his adoption not only of the fusion of two spiremes, as 
described by Allen (1) for Li.l_lum, hut also the pairing of 
protochromosomes to form the real chromosomes, comparable to 
the for^nation of Htrasburger's zygosomes^ (23) / 

It Is also plain in T'^icrosphaera that the delimitation 
of the spores is accomplished by the activity of the astral 
rays which persist from the third nuclear division. As 
described, the growth and increase in number of the astral 
rays is accompanied by the formation of a beak on the polar 
end of the nucleus^/ (fig. $)f At the same time^ the nucleus 
and aster move away from the a sous v/all tovrard the interior 
of the ascus. 'The fibers bend down around the nucleus and 
grow in a curved line toward a point directly below the 
nucleus -rrhere they all finally meet* lateral fusion of the 
rays begins at the polar region and progresses outjvard 
toward the base of the spore, forming a complete membrane 
about the ovoid mass of protoplasm virhich, with the enclosed 
nucleus, forms the ascospore.^ The motion of the fibers 
through the cytoplasm cannot be due to crowding resulting 
from an outward movement of the nuclei toward the wall as 
Paull suggests, for at this time in Kicrosphaera the nucleus 
and the aster move in from the ascus wall. Kis other 
hypothesis that the "centrosome is a dynamic center and the 
rays an expression of cytoplasmic activity controlled by the 
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nucleus'; causing the rays "to, turn toward the bulk of cyto- 
plasm vhich lies centrad of the centrosome''^. is "based on a 
confusion of two entirely separate views of the centrosome, 
first as a dynamic center, and second as a center of meta- 
bolic activity. It seems probable, however, that the rays 
are something more than cytoplasmic particles arranged along 
lines of force. since, as described above, after they have 
begun to fuse they can be separated from the cytoplasm by 
plasmolysis. Faull's further argiment that the bending of 
the rays throv/s them further apart rather th^in brings them 
closer together^ so that fusion is impossible, shows that he 
is here thinking not of adjacent but of opposite rays. The 
rays which fuse> of course, are thoSF Eoing to the same side 
of the future spore. 

The figures of the beaked nucleus v;ith its aster within 
the plasma membrane of the spore, which Faull regards as con- 
clusive evidence that the rays take no part in forming the 
spores, may be explained, i-s noted, as polar views of spore 
forr.iation by astral rays. This can be readily seen by com- 
paring Faull's figures (5, figs- S7 , 28, ?,9 , :54A35) with 
an oblique view of a spore of Phyllactlnia during the form- 
ation of the plasma membrane as described by Harper (13, pi* 
7, fig. ;81). :^urthf r.-fe-is^e the mildews rerjularly show the 
presence of more or less numerous rays which lie inside the 
plane of fusion and so exist as free separate fibers within 
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the plasma mein"'orane bfter the spore Is delimlitftted, but 

this iw, of oourse! no evidence that the plasma membrane 

WHS not formed by the fusion of other rays of the original 

caster. In some cases the plf<sma membrane retains a ribbed 

appecirance such as :^-^eves (20) describes in the formb-tion of 

the "Schwanzraanohette" in the spermatogenesis of the Guinea 

pig. Traces of the fibers may persist even after the nuclear 

b<rak is withdrawn (f ic.JtdDv- Taull assimes tJiat the enclosed 

rays are either the entire original &ster or are newly formed, 

a conclusion v/liich is, of course, unjustified. 'lis figures 

of this staf^e (5, figs* 26,30,31) agree entirely with the 

sane stages in yicrosphafera. ^^hat the rays do actually fuse 
-^ 

-ig priived by plasmolysis such hs is found in shnxnken 
material 7;here the spore is pulled away from the cytoplasm. 
A careful study of "'aull's paper leads inevitably to the con- 
clusion tha.t the apparent disagreement of his conception of 
spore formation with that here describ^^d is due not so much 
to a difference in the figures actually observed, as to a 
failure on his part to carefully analyze the r*^ suits of his 
observations . 

Plnally, it may be noted that the stages studied give 
no evidence of the existence of a series of "synkary»i«" in 
^licrosphaera, such as I'^aire describes for rTalactlnia^ 

succpsit (19). In the pertheciiim the nurse cells may have 
- A 

tv/0 or more nuclei v;hile the binucleated cells of the 
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r'f.nous hjrphae ^oecome the asoi. 
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NUCLEAR STRUCTURE AND SPORE FORMATION IN 
MICROSPHAERA ALNI. 



M. C. SANDS. 
(With Plate XLVI.) 

INTBODUCTION. 

The literature on the devetopmeiit of the ascus and its cy- 
tology has been recently and fully reviewed (4, 13), and I 
shall refer only to such very recent papers as touch upon the 
points with which I have been specially concerned. 

Faull (5) describes for Hydnobolites^ Neotiella^ Sordaria 
and some other species, a method of spore formation which he 
considers ^essentially different from that described \foir itbe 
Ascomyoetes by Harper (9, 11). He finds the central body 
by no means a permanent feature of the cell. In Sordariay 
certain of the resting nuclei show centers, but in the 
other species centers with asters appear only at the time of 
division, disappearing in resting stages. Faull believes that 
the spindles are strictly intranuclear in origin, the spindle 
poles being the centers from which the long astral rays extend. 
In the last division Faull finds the same persistence and sub- 
sequent bending of the astral rays as has often been described 
for spore formation, but attaches no importance to the rays or 
their activity as far as spoi-e formation is concerned. 

The first indication of spore formation, according to Faull, 
is the appearance of a specialized layer of cytoplasm beginning 
just around the center and developing progressively outward 
and around the nucleus until it encloses the cytoplasm of the 
future spore. He compares this limiting layer to the hyaline 
zones found in the cleavage stages of the protospores of PUoh- 
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ohis (12). It thins out from the center, stains differently 
from the cytoplasm, but is never clearly definable — "a hya- 
line zone, structurelees or very finely granular." Two plasma 
membranes develop simultaneously on the site of the limiting 
layer, on© about the spoie-plaem, the other lining the cavity in 
which the spore lies. This produces no visible change in the 
limiting layer, although he thinks it probable that the plasma 
membranes result from a cleavage of the zone. 

The nucleus "grows down into the center of the spore," 
forming a beak. Just what Faull means here by "growth" is 
very imcertain, especially as there is no mention of an in- 
crease in the size of the nucleus. Harper (11) has suggested 
several possible methods of beak formation, and seems to re- 
gard the activity of the astral rays, in bending down and ex- 
erting a pressure on the nucleus, as the most plausible. When 
the exospore is formed, the nucleus resimies its spherical shape 
by withdrawing its beak and with it the center and aster, and 
in this behavior Faull sees conclusive evidence that the rays 
take no part in the formation of the spore membrane. 

Faull's figures of the beaked nucleus with its center and as- 
ter all within the spore membrane are very much like the po- 
lar or part polar views of spore formation which I have seen 
in Microsphaera, where spore delimitation is certainly accom- 
plished by means of the astral rays. I shall discuss the signifi- 
cance of such polar views further on. Faull, however, re- 
gards these figures as proof that the spores are not delimited 
by the fusion of kinoplasmic fibers, and leaves the question 
without aocoimting in any way for the persistence and bend- 
ing of the rays during the process of spore formation. 

Maire's latest paper (19) describes the nuclear divisions in 
a number of asci, the mitoses in all of which vary only in mi- 
nor details from those in Oaiadinia succosa. In this fimga% 
Maire (15, 19) finds that the asci arise from a filament of 
binudeated cells which itself arises from a large multinucler 
ated hypha. 

The nuclei of the binudeated cells show conjugate division 
as in the rusts (2, 3), cross walls are put in, and 
thus rows of "synkaryons" are formed. The end cell of each 
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iK)w becomes an aacus in which the two nuclei fuse. In the 
absence of observations concerning the origin of the entire asr 
cocarp, it is as yet premature to draw conclusions as regards 
the significance of the fusion in the ascus in this case; how- 
ever, one cannot avoid a suspicion that possibly antheridial and 
oogonial nuclei are formed but do not fuse in the oogonium, 
remaining separate and passing by conjugate division through 
the aaoogenous cells until they reach the ascus where the fu- 
sion occurs. The process in this case would then at least be 
confipicuously similar' to that in the rusts as described by 
Blackman (2) and Christman (3). 

The first of the three nuclear divisions in the ascus is des- 
ignated as heterotypic, being characterized by synapsis and a 
double longitudinal division of the chromosomes. The second 
division, in which eight protochromosomes appear which later 
form four double chromosomes, he r^ards as homoeotypic, and 
the last division as typic. Thus Maire agrees with the view 
many times expressed that the ascus is a spore mother-cell com- 
parable to the spore mother-cell of a moss or fern. 

The achromatic part of the division figures has both an in- 
tranuclear and an extranudear origin. The center appears on 
the interior of the nucleus but against its membrane, at the 
summit of an intranuclear aster. The center divides, the two 
halves move in opposite directions, and a spindle is formed be- 
tween them on which the chromosomes are arranged. Radia- 
tions are meanwhile formed in the cytoplasm about the elon- 
gating nucleus as a center, which become more prominent at 
its two ends and finally form the polar asters of the completed 
spindle. The asters and spindle are thus of different and in- 
dependent origin. The eight nuclei become beaked, and Maire 
holds that spore formation is effected in the manner described 
by Harper. 

GuilHemiond (7, 8) has also investigated Pustidaria vesiculo- 
sa and Oalndinia succosa, studied by Maire, as well as Peziza 
CatniuSj P. nUilans and Aleuria cerea, and he corroborates 
many of Maire's observations, differing from him, however, 
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strongly developed, and later are active in the formation of the 
qpores. 

Harper has reeendj extended his studies oa the mildewB to 
Phyllactvnia (13) and finds there that the development of the 
ascogonium from a fertilized egg, the budding out of the ascog- 
enou6 hjphae, and the origin of the asci are essentiaJily the 
same as in Erysiphe and Sphaerotheca (11, 10). 

In PhyllactiniOy the nuclei in every stage throughout the 
life history of the fungus show central bodies, and furthermore 
the chromatin is always oriented on the center. The center ifl 
described as a disc^aped body lying on the periphery of the 
nucleus, or in a alight depression of the nudeax membrane. 
The chromatin is always attadied to the center, but its exact 
arrangement cannot be made out in the vegetative hyphae and 
young ascogone as clearly as in the larger nuclei of the ascog- 
enous hyphae and asci, where the number of strands which 
radiate from the center into the nuclear cavity can be counted. 

In the fusing nuclei of the ascus, the centers fuse into one, 
and the eight chromatin strands of each nucleus combine in 
such a way as to form exactly eight strands in the fusion nu- 
cleus. 

The nuclear fusion is followed immediately by synapsis, in 
which the chromatin is drawn up in a mass against the central 
body. The chromatin emerges from the synaptic condition in 
the form of a spirem with eight distinct strands attached to 
the central body. Each strand of the spirem forms one of the 
eight chromosomes, which are still connected with the center 
by means of the linin threads. 

The central body divides and the two daughter centers in 
migrating apart to form the spindle poles separate the fibers 
which connect the chromosomes with the center, so that each 
chromosome is seen to be attached to both centers. This con- 
tinuous connection of the central body with the chromatin 
strands, and later with the chromosomes themselves, ie fur- 
ther used as evidence that the chromosomes are permanent 
structures of the nucleus. 

Here for the first time the fact has been established tha;fe 
there is a permanent connection between the center and chro- 
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moaomes. The nudeuB is thus shown to be a polarized stnictuie 
throughout the life history of the fungus, unipolar in the rest- 
ing condition and beooming bipolar in division. 

The process of spore formation in Phyllactinia is the same 
as in Erysiphe^ and, as is so frequently found in the mildews, 
only two nuclei are enclosed in spores, the remaining six de- 
generating. 

OBSEBVATIOKS. 

The mildewB offer especially favorable material for the 
study of nuclear fusions, nuclear divisions and the very pecu- 
liar process of free cell forma/tion which characterizes the as- 
cus, and the following study was undertaken for the purpose 
of extending our knowledge of the group by an acooimt of tba 
development of the ascus and spore formation in the genus 
Microsphaera. I have not undertaken to work over the earlier 
stages in the formation of the perithecium, but have directed 
my attention mainly to the question of the persistence of the 
centers during the processes of nuclear fusion and nuclear divis- 
ion, and to the process of spore formation in the ascus. I have, 
however, observed incidentally certain stages in the develop- 
ment of the perithecium beiiring on the account given by Ke- 
ger of the structure of the mature ascocarp and its ecological 
adaptations, and shall describe these observations in connection 
with my account of the structure of the nuclei in the ascogo- 
nium and ascogenous hyphae from which are formed the nuclei 
that subsequently fuse in the young asci. 

As is everyv/here commonly observed in this coimtry, Micro- 
sphojera ahti DC. grows in great abundance on Syringa 
vulgaris — the common lilac— covering the leaves with a whits 
cobwebby mycelium dotted with the dark specklike fruit bod- 
ies, and furnishes an abundance of material in all stages of de- 
velopment for cytological study. The fungus shows a radial 
growth, so that infected spots may have nearly all stages, from 
mature perithecia in the center to the youngest fruits on the 
periphery. 

Small squa/res of leaf covered with the mycelium and peri- 
thecia were fixed in Flemming's stronger solution of chrom- 
osmic-acetic acid, Flemming's weaker solution, and Flem- 
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ming's weaker solution diluted one-half Tvith water. Mem- J 

ming's weaker solution gave in general the beet results, al- 
though the younger stages fix well in the diluted solution. 

The material was collected in September and October 1904 
and 1905. Sections were cut 5fi and lOfi thick and stained 
with Flemming's triple stain. 

I shall describe tho structure and the development of the as- 
oocarp from the time when the ascogonium is completely en- 
veloped by the perithecial hyphae, leaving the earlier stages 
for description later. 

The young ascogonium appears as a relatively large single 
cell, somewhat elongated and curved, surrounded by the firat 
hyphal envelop. This stage, in which two nuclei are present, 
is of frequent occurrence. The nuclei lie in the long axis of 
the ascogone and invariably show distinct centers and a single 
nucleole. 

With the triple stain the centers are usually violet or dark 
red, and are easily distinguished from the dark blue chroma- 
tin or from the blue gray membrane of the nudeua The nur 
cleole is always a bright red, the nuclear sap is clear and un- ^ 

stained, while the cytoplasm varies from gray to a faint orange 
color. 

The chromatin at this stage often forms a spindle-shaped 
mass between the central body and the red nucleole. Chro- 
matic strands cannot be made out, but the chromatin appears 
rather evenly granular, though plainly connected with the 
central body (Fig. 4). 

The ascogone grows both in diameter and length, its nuclei 
divide, and later cell division occurs, so that a multicellular or- 
gan is formed consisting of four or five cells. During the 
growth of the ascogone, the envelop becomes more complex, 
one or two layers of cells being formed about the first layer* 
The ascogone, being henmied in on all sides by its envelop, 
curves and turns about as it grows, apparently expanding in 
whatever direction it finds least resistance, so that a much bent \ 

structure results. From just what oeU or cells the ascogenous 
hyphae arise I have not been able to determine. It appears 
that many ascogenous hyphae bud out at about the same time. 
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The aseus grows rapidly, at first mainly in the region far- 
thest from the nuclei^ so that these come to lie in the smaller 
end of the celL The nuclei also increase in size, but not in 
proportion to the growth of the ascus. When the ascus has 
reached about one-third its mature size, the nuclei come in 
contact preparatory to fusion. They are sometimes elon- 
gated and may lie one a little above the other, or in any other 
position. Finally the walls between break down, and fusion 
occurs. A late stage in the fusion of the nuclei is shown in 
Figure 7. The two centers with their respective chromatin 
systems are still separate. (The one on the left is cut 
through). The nucleoli have already fused into one large nu- 
cleolus. The ascus at this stage is about half-grown. It is 
well rounded out except where it presses against an adjoining 
ascus. The fusion nucleus is about the size of the average 
primary nucleus. 

The most frequent and conspicuous stage found in Micro- 
sphaera is that of the primary nucleus. It persists from the 
time of the relatively early fusion in the young ascus, imtU 
the ascus has reached its full development. It grows very lit- 
tle after fusion is complete. There is an abimdance of chro- 
matin, which readily stains a dense blue. This is at first ar- 
ranged in irregular strands which occasionally appear double, 
and always cross and interweave in a tangled net. A large 
nucleolus is always present, most frequently slightly flattened 
against the nuclear membrane. The center is most difficult of 
demonstration, partly because the chromatin stains so heavily 
and is so abundant as to hide the center. Moreover, metachro* 
matic bodies are particularly abundant at this stage, espe- 
cially in cnso.^ of poor fixation. Those bodies occur just out- 
side the nucleus, often at a point where two or more chromatin 
strands touch the nuclear membrane, and may obscure the 
central body. FauU believes that these metachromatic bodies 
are normal cell products, since they are always present about 
the primary nucleus but disap}>ear in later stages. However, 
this disappearance may indicate merely that fixation is more 
perfect at these later stages. 
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At a later stage^ the chromatin appears much reduced in 
volume and lies massed in a ball against one side of the nu- 
clear membrane. From this apparently synaptic mass thin 
chromatin strands again extend into the nuclear cavity.. 
Fioally there appears a well developed spirem plainly oriented 
on the central body (Fig. 6). In the uninucleated stage, it is 
only where the chromatin is pretty well washed out that the 
center appears as such. It is then a very dark, discnshaped 
body pressed close against the nuclear membrane. 

The perithecium has now grown to its full size, and has a» 
many cell layers as when fully ripe. The outer layer of cells 
begins to show a differentiation into an upper and an under 
region, which is due to a thickening of the walls on the upper 
surface while the cells on the under side remain thin-walled 
and contain normal protoplasm and nuclei. The cell lumen is 
diminished by the thickening of the walls and is almost emp- 
ty of protoplasm, while even at this stage the walls contain 
a brown pigment and are hard and brittle. Ne^er (21) first 
pointed out this differentiation, and described the thin flexi- 
ble walls of the lower cells as caving in when the perithecium 
is dried out, and bulging out as the cells absorb moisture and 
bocomo turgid. This alternate drying and swelling of the cells 
n^oiild loosen the perithecium from its mycelium. A second- 
ary niyoelium, such as is found in Phyllactinia (13), springs 
also from these lower living cells, and intertwines with the 
original mycelium covering the leaf. 

The transition cells in the equatorial region, midway be- 
tAvoeii tho upper and under halves of the outer layer of the per- 
ithecial wall, give rise by the extension of their cell walls to 
the appendages. These grow out in a circle about the middle 
of the perithi ciiun and are directed upward from the leaf sur- 
face. 

The primary nucleus of the ascus undergoes three successive 
divisions, g'^ving rise to two, four, and finally to eight nuclei, 
all of which form spores. 

I find in an early prophase of the first division two centers 
about 90° apart, each with a large aster of long, fine rays, and 
a broad brush of fibers extending into the nucleus (Fig. 8). 
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The tw'o cetiters with their asters probably originate here as 
elsewhere from the division of the single central body of the 
resting nucleus, and of a single aster developed earlier in the 
prophase. The two sets of fibers meet below the center of the 
miclena, where they cross and interlace; some of the fibers ap- 
pear to be continuous from one center to the other. At the nu- 
clear niembrane, where the broad centers are attached to the 
intranuclear bundles of fibers, there is a conspicuous non-stain- 
ing region. Some of the peripheral fibers can be traced to the 
disc, but most of them fade abruptly just before reaching the 
central body, leaving an apparent space (Fig. 8). The so- 
called "achromatic" fibers at this stage stain quite as densely 
as the chromatic parts of the nucleus, so that the chromosomes 
cannot be clearly distinguished. I have not found the later 
stages of this division. 

The binucleated stage of the ascus following the first divi- 
sion is easily distinguished from the binucleated condition be- 
fore fusion, both by the mature size of the ascus, and by the 
older appearance of the whole perithecium. The two outer 
cell layers on the upper side of the perithecium have thick 
brown walls, and the appendages have nearly reached their fi- 
nal length. 

A resting nucleus at this stage has a prominent center to 
which the chromatin is plainly attached; the center is always 
readily seen as a little cap just outside of, and closely pressed 
against, the nuclear membrane. 

One of the most common division figures in my material is 
the equatorial plate stage of the second division. The spindle 
usually lies transversely in the ascus, with ei^t chromosomes 
arranged on the equatorial plate. The asters are inconspicu- 
ous, with fine, delicate rays that fade into the cytoplasm. Be- 
tween the centers and the spindle poles, light areas are found 
as in the first division. The four nuclei resulting from this 
division do not differ from those of the two-nucleated stage, 
except that they are somewhat smaller (Fig. 11). 

The third division is ushered in by a division of the center. 
Most frequently the centers are far apart — 100° or 120° — 
when the asters and spindle fibers are well developed. The as- 
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in the nuclei of the vegetative mycelium (Figs. 1-3) ; it is con- 
spicuous in the ascogone (Fig. 4) and asoogenous hyphae, and, 
with the exception of the primary nucleus where it is some- 
times obscured by the abundant chromatin content, it is a 
prominent feature of the nuclei of the ascus, both in the reetr 
ing condition and in division- Finally, it is present during 
spore formation and in the resting spores. 

The chromatin is in every case plainly connected with the 
central body, either by direct contact or attached by means of 
kinoplasmic fibers. In the larger nuclei the central body lies 
at the apex of a cone of chrcmaatin strands, while in the small- 
er nuclei, although the chromatin is plainly attached to the oen- 
wr, the strands cannot be made out, and it appears evenly gran- 
ular 

The center is always an extranuclear body, and my obser- 
vations differ radically from those of Maire and Guilliermond 
on this point. In polar and oblique views it may, to be sure, 
appear to be within the nuclear membrane, and I am inclined 
to suspect that, as some of their figures seem to surest, the in- 
tranuclear centers described by Maire and Guilliermond may 
be accounted for in this way, or the centers may have been 
actually drawn into the interior of the nucleus as a result of 
poor fixation. Their decxjriptions of spindle formation, by the 
division and migration of the centers and the differentiation 
of spindle fibers, agree with the process observed in Micro- 
sphaeray and it is to be noted that when the spindle is complete 
the centers at the poles are described by them as on or very 
near the nuclear membrane. However, Maire's description of 
the formation of the polar aster from cytoplawnic fibers which 
radiate from the nucleus is entirely different from anything I 
have found in Microsphaera, where the asters consist of kino- 
plasmic rays formed ibout the central body just before divi- 
sion occurs. 

The synaptic mass, as described by these authors, has no such 
definite position in the nucleus as in Microsphaera, The pres- 
ence cf the central body, which is in continuous connection 

46— S. & A. 
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